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(57) Abstract: A filter is disclosed that includes a cylindrical fil- 
ter element having a longitudinal axis, an outer periphery, an inner 
periphery, and a plurality of longitudinal pleats arranged in a spi- 
ral configuration in close proximity to one another. Each of the 
pleats has a pair of legs, and the legs of each are joined to one 
another at a root. The roots of adjacent pleats are radially spaced 
from one another about the inner periphery of the filter element. 
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SPIRAL PLEATED FILTER CARTRIDGES 

CROSS-REFERENCE TO RELATED APPLICATION 

The subject application claims the benefit of priority from U.S. Provisional Patent 
Application Serial No. 60/233,327 filed September 15, 2000, the disclosure of which is 
5 incorporated herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The subject invention is related to fluid filtration devices, and more particularly, to 
spiral pleated filters having unique pleat configurations that develop lower pressure drops 
10 than conventional spiral pleated filters. 

2. Background of the Related Art 

Over the years, the design of cylindrical pleated filter cartridges has involved efforts to 
maximize the amount of filter media or surface area that may be fit into a filter cartridge 
having a given outer diameter without adversely effecting flow or filter life. In a standard 

15 radially pleated filter cartridge such as that which is disclosed in U.S. Patent No. 3,692,184, 
the amount of filter media that may be packed into the cartridge is limited by the number of 
pleats that can be packed about the cartridge core. Consequently, there is a substantial 
amount of empty space between adjacent pleats at the outer periphery of the filter element. 

A cylindrical filter element having a radially extending W-pleat configuration, such as 

20 that which is disclosed in U.S. Patent No. 3,799,354 represents an improvement over a 
standard radially pleated filter element. The radial W-pleat configuration provides added 
surface area about the outer periphery of the filter element by providing relatively short pleats 
that extend radially inward from the outer periphery of the filter element between adjacent 
pleats of standard height. These shorter pleats occupy the open space near the outer periphery 
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of the filter element. They do not, however, maximize the amount of filter media that can be 
disposed within the cartridge, as some empty space still remains between the pleats. The 
radial W-pleat construction also suffers from the effect of pleat migration, in that the 
shortened pleats tend to move radially inward towards the central axis of the filter. This 
5 movement is undesirable as it can cause binding, blockages, increased pressure drops across 
the filter, reduced filter life and can damage the filter media. 

A spiral pleated filter element is comparable to a standard radially pleated filter 
element in that it includes a plurality of longitudinal pleats disposed in a cylindrical 
configuration. In a spiral pleated filter, however, the ends of the pleats are rolled over to 

10 minimize the spacing between adjacent pleat surfaces near an outer diameter of the filter 
element In this case, the pleat height is substantially greater than the distance between the 
outer periphery of the cartridge core and the inner periphery of the cartridge cage. 
Consequently, in a conventional spiral pleated filter, the pleats at the outer periphery occupy 
the excess volume that would normally represent empty space in a radially pleated filter 

15 element. 

While both the spiral pleat and the radial W-pleat designs provide increased filter 
surface area as compared to a standard radial pleat configuration, the spiral pleat 
configuration does not have the pleat migration problems associated with the radial W-pleat 
configuration. As compared with a radial W-pleat filter, however, the rolled-over pleats of a 

20 spiral pleated filter provide fewer and less accessible radial flow paths near the outer diameter 
of the filter. These factors lead to a greater pressure drop across the filter. In addition, the 
rolled-over pleats of a spiral pleated filter provide longer flow paths and, therefore, a greater 
likelihood that the flow paths will become blocked in high load or large particle contaminant 
applications. This condition is often referred to as bridging, and can have an adverse effect on 

25 filter life. 

It has also been found that conventional spiral pleated filter elements are more difficult 
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to insert into a cylindrical cage than standard radially pleated filter elements, because the 
rolled-over pleats have a tendency to straighten out prior to being inserted into the cage. As a 
result, the filter element can experience ftictional drag along the interior surface of the cage. 
This can cause damage to the filter media and can, as a practical matter, limit the axial length 
5 of a filter cartridge incorporating a spiral pleated filter element. 

An example of a conventional spiral pleated filter element is disclosed in U.S. Patent 
No. 5,543,047 to Stoyell et al., the disclosure of which is herein incorporated by reference in 
its entirety. The spiral pleated filter element of Stoyell et al. comprises a three-layer 
composite of a filter medium, an upstream drainage layer disposed on the upstream surface of 

10 the filter medium, and a downstream drainage layer disposed on the downstream surface of 
the filter medium. The pleats of the filter element are dimensioned and configured in such a 
manner so that virtually all of the volume between the inner and outer peripheries of the filter 
element is occupied by the pleats. Consequently, there tends to be a high degree of pleat 
compaction and density at the inner periphery of the filter element, Le. at the roots of the 

15 pleats. This causes a significantly high pressure drop near the core of the filter. 

In particular, the pleats of the Stoyell et al. filter element are configured such that each 
pleat leg abuts an adjacent pleat leg along the inner periphery of the filter element and the 
height of each pleat, measured in a direction along the legs and extending from the inner 
periphery at the root of the pleat to the outer periphery at the crown of the pleat, is greater 

20 than (D-d)/2 and less than (D 2 -d 2 )/[4(d+2t)], where D and d are the outer diameter and inner 
diameter of the filter element at the outer periphery and inner periphery, respectively, and t is 
the thickness of each pleat leg. By dimensioning the pleats in this manner, the opposing 
surfaces of the pleats contact one another over substantially the entire height and axial length 
of the pleat legs, leaving substantially no empty space between adjacent pleats, and 

25 particularly in the region of the core. Indeed, the only space remaining at the core, are small 
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triangular gaps that are located between adjacent pleat roots. Consequently, there is a 
relatively high pressure drop through the filter element. 

Accordingly, there is a need in the art to provide a spiral pleated filter design that 
maximizes the surface area of the filter media while having a lower pressure drop across the 
5 filter element than prior art spiral pleated filter elements, and which is easier to insert into a 
supporting cage than prior art spiral pleated filter elements. 



SUMMARY OF THE INVENTION 

The subject invention is directed to a new and unique spiral pleated filter that includes 

10 a cylindrical filter element having a longitudinal axis, an outer periphery, an inner periphery 
and a plurality of longitudinal pleats that are disposed in close proximity to one another. Each 
of the pleats has a pair of legs, and each of the legs has a height. In accordance with the 
subject invention, the height of a first leg of a first pleat is greater than the radial distance 
between the outer periphery of the filter element and the inner periphery of the filter element, 

1 5 and is also greater than the height of an adjoining leg of an adj acent pleat. 

It is envisioned that the height of the adjoining leg of the adjacent pleat ranges from 
about fifty percent (50%) of the height of the first leg of the first pleat to about ninety-five 
percent (95%) of the height of the first leg of the first pleat. Preferably, the filter element is a 
composite having plural layers of material including an upstream drainage layer, at least one 

20 interior filtration layer, and a downstream drainage layer. A perforated cage surrounds the 
outer periphery of the filter element, and a perforated core is surrounded by the inner 
periphery of the filter element. 

It is envisioned that the pleats can be configured in several different ways. For 
example, the height of a second leg of the first pleat may be equal to the height of the first leg 

25 of the first pleat. Alternatively, the height of a second leg of the first pleat can be less than the 
height of the first leg of the first pleat, or the legs of the adjacent pleat can be equal in height. 
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It is also envisioned that the height of a second leg of the adjacent pleat may be greater than 
the height of the other leg of the adjacent pleat. 

The subject invention is also directed to a filter that includes a cylindrical filter 
element having a plurality of longitudinal pleats arranged in a spiral configuration in close 
5 proximity to one another. Each of the pleats has a pair of legs, and the legs of each pleat are 
joined to one another at a root In accordance with the subject invention, the roots of adjacent 
pleats are radially spaced from one another about the inner periphery of the filter element. 
Also, the adjoining legs of adjacent pleats are connected to one another at a crest, and in an 
embodiment of the subject invention, the crests of adjacent pleats are radially spaced from one 

1 0 another about the outer periphery of the filter element. 

The subject invention is also directed to a filter cartridge that includes a cylindrical 
filter element having a longitudinal axis, an outer periphery, an inner periphery, and a 
plurality of longitudinal pleats arranged in a spiral configuration in close proximity to one 
another. Each of the pleats has a pair of legs, and the legs of each pleat are joined to one 

1 5 another at a root. A perforated cage or netting surrounds the outer periphery of the filter 
element, and a perforated core is surrounded by the inner periphery of the filter element. In 
accordance with the subject invention, the roots of alternating pleats abut the perforated core. 
Also, adjoining legs of adjacent pleats are connected to one another at a crest, and in an 
embodiment of the subject invention, alternating crests abut the perforated cage. 

20 These and other aspects of the subject invention will become more readily apparent to 

those having ordinary skill in the art from the following detailed description of the invention 
taken in conjunction with the drawings described hereinbelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 So that those having ordinary skill in the art to which the subject invention appertains 

will more readily understand how to make and use the filter cartridges of the subject 
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invention, preferred embodiments thereof will be described in detail hereinbelow with 
reference to the drawings, wherein: 

Fig. 1 is a perspective view, in partial cross-section, of a pleated filter cartridge 
constructed in accordance with a preferred embodiment of the subject invention which 
5 includes a spiral w-pleated filter element surrounding a perforated core and enclosed within a 
perforated cage; 

Fig. 2 is a cross-sectional view of the spiral w-pleated filter cartridge of Fig. 1 
illustrating the unique pleat configuration thereof, wherein the pleat heights are staggered 
about the inner periphery of the filter element at a uniform frequency; 
10 Fig. 2a is an enlarged localized view of the spiral w-pleated filter cartridge of Fig. 2, 

illustrating the spaced relationship of adjacent pleat roots at the core of the filter cartridge; 

Fig. 2b is a view similar to Fig. 2a illustrating the configuration of the pleats of a 
conventional spiral pleated filter element wherein the roots of adjacent pleats are tightly 
packed about the core of the filter cartridge; 
15 Fig. 3 is a plan view of a portion of a pleat pack used in the formation of the filter 

cartridge of Figs. 1 and 2, illustrating the relative heights of the alternating pleats; 

Fig. 4 is a perspective view of a portion of a pleat pack used in the formation of the 
filter cartridge of Figs. 1 and 2, illustrating the multi-layer composite structure of the pleat 
pack, which includes, for example, a filter media layer disposed between upstream and 
20 downstream non-woven drainage layers; 

Fig. 5 is a perspective view, in partial cross-section, of another pleated filter cartridge 
constructed in accordance with a preferred embodiment of the subject invention which 
includes a stepped spiral pleated filter element surrounding a perforated core and enclosed 
within a perforated cage; 
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Fig. 6 is a cross-sectional view of the stepped spiral pleated filter cartridge of Fig.5 
illustrating the unique pleat configuration thereof, wherein the pleat heights are staggered 
about the inner periphery and the outer periphery of the filter element; 

Fig. 6a is an enlarged localized view of the stepped spiral pleated filter cartridge of 
5 Fig. 6, illustrating the spaced relationship of adjacent pleat crowns at the cage of the filter 
cartridge; 

Fig. 6b is an enlarged localized view of the stepped spiral pleated filter cartridge of 
Fig. 6, illustrating the spaced relationship of adjacent pleat roots at the core of the filter 
cartridge; 

1 0 Fig. 7 is a plan view of a portion of a pleat pack used in the formation of the filter 

cartridge of Figs. 5 and 6, illustrating the relative heights of the stepped pleat legs; and 

Fig. 8 is a perspective view of a portion of a pleat pack used in the formation of the 
filter cartridge of Figs. 5 and 6, illustrating the multi-layer composite structure of the pleat 
pack, which includes a media layer disposed between a non-woven drainage layer and a mesh 

15 drainage layer. 
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DETAILED DESCRIPTION OF PREFFERED EMBODIMENTS 

Referring now to the drawings wherein like reference numeral identify similar 
structural elements and/or features of the subject invention, there is illustrated in Fig. 1 a 
spiral pleated filter cartridge constructed in accordance with a preferred embodiment of the 
5 subject invention and designated generally by reference numeral 10. 

Referring to Fig. 1, the filter cartridge 10 of the subject invention includes an 
elongated spiral w-pleated composite filter element 12 having a plurality of longitudinal 
pleats 14 surrounding a central perforated core 20 and enclosed within a perforated outer cage 
30. The core 20 supports the inner periphery of the filter element 10 against forces in the 

10 radial direction and also helps to give the filter axial strength and rigidity against bending. 
The cage 30 retains the pleats of the filter element 10 in a spiral configuration. It is 
envisioned that means other that the cage 30 may be provided to retain the pleats. For 
example, a polymeric netting or mesh material may be utilized to retain the pleats about the 
outer periphery of the filter element. End caps 40 are operatively associated with the upper 

15 and lower ends of the cartridge element and can be open (as shown) or closed depending upon 
the filtration application in which filter cartridge 10 is employed. 

Referring to Fig. 4, each longitudinal pleat 14 in the elongated filter element 12 has a 
pair of pleat legs L that are joined to one another at a pleat root R which is located at or near 
the inner periphery of the filter element, and each pleat leg is also joined to an adjoining leg of 

20 an adjacent pleat at a pleat crest or crown C which is located at or near the outer periphery of 
the filter element. Each pleat has a height corresponding to the radial extent of the pleat, and 
a pleat length corresponding to the axial extent of the pleat. As will be discussed in greater 
detail hereinbelow, in embodiments of the spiral pleated filter element of subject invention, 
the pleat heights are not uniform throughout the filter element. As a result, the flow 

25 characteristics of the cartridge are improved relative to conventional spiral pleated filter 

cartridges wherein all of the pleats are equal in height and tightly packed within the cartridge. 
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In addition, because the heights of the pleats are not uniform throughout the filter element, it 
has been found that the filter element of the subject invention can be axially inserted into a 
supporting cage with relative ease, and without frictionally dragging the pleat crowns against 
the interior surface of the cage. Consequently, the filter media will not be damaged during 
5 cartridge assembly. 

With continuing reference to Fig. 4, each pleat leg has an internal surface Si which 
opposes the internal surface Si of the other leg in the same pleat, and an external surface S e 
which opposes the external surface S e of an adjoining leg of an adjacent pleat. When the filter 
element 10 is being used such that fluid flows radially inwardly through the filter element, 

10 i.e., from the cage 30 to the core 20, the internal surfaces of the pleat legs form the 

downstream surface of the filter element 12, while the external surfaces of the pleat legs form 
the upstream surface of the filter element 12. Conversely, when the filter element 12 is being 
used such that fluid flows radially outwardly through the element, i.e., from the core to the 
cage, the internal surfaces of the pleat legs define the upstream surface of the filter element 12 

15 and the external surfaces of the pleat legs define the downstream surface of the filter element 
12. 

Referring to Fig. 3, in filter element 12, adjacent pleats have different pleat heights. 
More particularly, a first pleat 14a has pleat legs Lt and L2 which are equal in height and 
share a common root R a . A second pleat 14b has pleat legs L3 and L4 that are equal in height 

20 and share a common root Pleat leg L2 of pleat 14a is joined to pleat leg L3 of pleat 14b at 
pleat crest C a ,b. The height of pleat legs L 3 and L4 is less than the height of pleat legs Li and 
L2. Similarly, pleat 14c has pleat legs L5 and L$, where pleat leg L 5 is joined to pleat leg L4 of 
pleat 14b at a pleat crest Cb, c , and pleat legs L 5 and Le share a common root R^ 

As illustrated in Fig. 2a, pleat roots Ra and Rc of pleats 14a and 14c, respectively, 

25 contact the core 20 of filter cartridge 1 0 at the inner periphery of filter element 12, while the 
pleat root R*, of pleat 14b is spaced from the inner periphery of filter element 12 a sufficient 
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radial distance so as to create a void space Vj at the core of the filter cartridge that extends 
along the entire length of filter element 12, preventing adjacent pleat surfaces from contacting 
one another over a substantial portion of the height of the pleats. This void space is repeated 
in a uniform manner about the entire inner periphery of filter element 12, as best seen in Fig. 
5 2. As a result, a plurality of longitudinally extending channels are defined along the inner 
periphery of filter element 12. These longitudinal channels enhance drainage through the 
perforated core of the filter cartridge. Consequently, the differential pressure drop across 
filter element 10 is less than the differential pressure drop across a conventional spiral pleated 
filter element wherein all of the pleats have a uniform height and are tightly packed about the 

10 cartridge core, as illustrated for example in Fig. 2b. In the prior art spiral pleated filter 

cartridge of Fig. 2b, the only void spaces at the cartridge core are the small triangular gaps Gi 
that are located between adjacent pleat roots. 

With continuing reference to Fig. 2a, because of the void spaces created between the 
pleat roots of the longer pleats in the filter element 12, i.e., the void space Vj between pleat 

15 roots Ra and Rc of pleats 14a and 14c, respectively, the roots are able to balloon out such that 
large open gaps G e are formed between the surfaces S e of adjacent pleat legs along the entire 
length of each of the longer pleats. The open gaps within the pleat roots of the longer pleats 
tend to improve the flow characteristics of the filter cartridge by further reducing the 
differential pressure drop near the core of the filter. In contrast, in a conventional spiral 

20 pleated filter element wherein the pleats are all of equal height and the pleat roots are tightly 
packed about the core of the cartridge, as shown for example in Fig. 2b, there are no gaps 
present within the roots of the pleats. 

Referring to Fig. 3 in conjunction with Fig. 2, the longer pleats in the filter element 12, 
e.g., pleats 14a and 14c have a height H that is preferably greater than (D-d)/2, where D is the 

25 inner diameter of the cage 30 and d is the outer diameter of the core 20. The shorter pleats in 
the filter element, e.g., pleat 14b, have a height h that is less than the height of the longer 
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pleats. The shorter pleats can have a height that is less than, equal to or greater than (D-d)/2, 
so long as the height h of the shorter pleats is less than the height H of the longer pleats. 
Preferably, the ratio of the shorter pleat heights to the longer pleat heights h/H is about 
between 50% - 95%. By way of example, the pleat height H of the longer pleats may be equal 
5 to about .830 in. and the pleat height h of the shorter pleats may be equal to about .760 in. 
such that the pleat height ratio is equal to about 92%. It has been determined through 
experimentation that such a ratio provides optimum flow characteristics in a filter of the type 
shown in Figs. 1 and 2. 

Referring now to Figs. 5 and 6, there is illustrated another preferred embodiment of 

10 the pleated filter cartridge of the subject invention which is designated generally by reference 
numeral 110. Filter cartridge 1 10 includes a stepped spirally pleated filter element 1 12 having 
a plurality of longitudinal pleats 1 14 surrounding a central perforated core 120 and enclosed 
within a perforated outer cage 1 30 having end caps. 

In filter element 1 12, adjacent pleat legs have different pleat leg heights. More 

15 particularly, as illustrated in Figs. 7 and 8, a first pleat 1 14a has pleat legs Li and L 2 which are 
joined to one another at pleat crest Ca. A second pleat 1 14b has pleat legs L3 and L4 which 
are joined to one another at pleat crest Q>. Pleat leg L 2 of pleat 1 14a is joined to pleat leg L3 
of pleat 1 14b at root Ra> A third pleat 1 14c has pleat legs L5 and L 6 which are joined to one 
another at a pleat crest C c . Pleat leg L 5 of pleat 1 14c is joined to pleat leg L 4 of pleat 1 14b at 

20 root Rj>, c . A fourth pleat 1 14d has pleat legs L7 and Lg which are joined to one another at pleat 
crest Cd. Pleat leg L 7 of pleat 1 14d is joined to pleat leg L 6 of pleat 1 14c at root R^d- This 
stepped pleat leg pattern is repeated in a uniform manner about the entire filter element 112. 

It can be seen that the height of pleat leg Li is equal to the height of pleat L5, and that 
pleats legs L 2 , L 4 , L 6 and L 8 are equal in height, while the height of pleat legs L 3 is equal to 

25 the height of pleat leg L 7 . The relationship between the pleat leg heights may be expressed in 
accordance with the expression Hi, 5 < H 2>4 ,6,8 < H3/7. Preferably, the longest pleat leg height 
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H 3>7 is greater than (D-d)/2, where D is the inner diameter of the cage 130 and d is the outer 
diameter of the core 120. Accordingly, the shorter pleat legs in filter element 112, i.e., pleat 
legs Li, L2, ,L4, L5, L6 and Lg have pleat leg heights that are less than, equal to or greater than 
(D-d)/2, so long as the heights of the shorter pleats are less than the height of the longest 
5 pleats. By way of example, the longest pleat leg heights H3/7 may be equal to about .830 in., 
the intermediate pleat leg heights H 2) 4,6,8 may be equal to about .760 in., and the shortest pleat 
leg heights H14 may be equal to about .680 in., whereby the ratios of pleat leg heights relative 
to the longest pleat leg height is about 92% for the intermediate pleat legs (H 2 ,4,6,8 / H3,7 = .92) 
and about 82% for the shortest pleat legs (Hi, 5 / H 3f7 = .82). 

10 As illustrated in Fig. 6b, pleat roots Ra,b and Rc, d contact the core 1 20 of filter cartridge 

1 10 at the inner periphery of filter element 1 12, while root Rb, c is spaced from the core 120 a 
sufficient radial distance to form a longitudinal channel along the inner periphery of filter 
element 112 between pleat roots Ra,b and R^. Similarly, pleat crests Q> and Cd contact the 
cage 130 of filter cartridge 1 10 at the outer periphery of filter element 1 12, while pleat crests 

15 C a and C c are spaced from the cage 130 a sufficient radial distance to form a longitudinal 
channel along the inner periphery of filter element 1 12, such as the longitudinal channel 
formed between pleat crests Q> and Cd. As a result, a plurality of longitudinally extending 
channels are defined along the outer periphery of filter element 1 12 that enhance radial flow 
into the filter element through cage 130, and a plurality of longitudinally extending channels 

20 are defined along the inner periphery of filter element 112 that enhance drainage from the 
filter element through the perforated core 120 of the filter cartridge 110. 

The spiral pleated filter elements of the subject invention may be formed using a 
method and apparatus as shown and described in commonly assigned U.S. Patent No. 
5,882,288 to Paul et al, the disclosure of which is herein incorporated by reference in its 

25 entirety. Alternative spiraling method known in the art may also be employed. 
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The spiral pleated filter elements of the subject invention are preferably formed as 
composite structures that include a filter medium and drainage materials on both the upstream 
and downstream sides of the filter medium. The type of filter medium can be selected in 
accordance with the fluid which is to be filtered and the desired filtering characteristics. The 
5 filter medium can comprise a porous film or a fibrous sheet or mass. It may have a uniform 
or graded pore structure and any appropriate effective pore size, and it may be formed from 
any suitable material, such as a natural or synthetic polymer, glass, or metal. The filter 
medium may consist of a single layer of material, or a plurality of layers of the same medium 
disposed atop one another to obtain a desired thickness. It is also envisioned that the filter 

10 medium can include two or more layers of media having different filtering characteristics, 
wherein one layer would serve as a prefilter for the other layer. 

The upstream and downstream drainage or support layers of the composite filter 
element can be made of any material having suitable drainage characteristics. For example, 
the drainage layers can be in the form of a mesh or screen or a porous woven or non-woven 

1 5 sheet. Meshes and screens come in various forms including metallic meshes that are often 
used for high temperature filtration applications, and polymeric meshes that are typically used 
for lower temperature applications. Polymeric meshes come in the form of woven meshes 
and extruded meshes. Either type may be employed. It is envisioned that the upstream and 
downstream drainage layers can be made from the same or different material depending upon 

20 the filtration application. 

By way of example, the spiral w-pleated filter element of Fig. 1 is a multi-layered 
composite structure that includes at least one filter media layer 15 supported by a non-woven 
upstream drainage layer 16 and a non-woven downstream drainage layer 18 (see also Fig. 4). 
Similarly, the stepped spiral pleated filter element of Fig. 5 is a multi-layered composite 

25 structure that includes at least one filter media layer 115 supported by a woven mesh upstream 
drainage layer 116 and a non-woven downstream drainage layer 118 (see also Fig. 8). 
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Altematively, the upstream drainage layer may be non-woven and the downstream drainage 
layer may be a woven mesh or netting, depending upon the application. 

Tests were performed to evaluate the differential pressure drop across three different 
types of 10 in. cartridges having pleated filter elements configured in accordance with the 

5 subject invention. In each case, the inventive cartridge had a spiral w-pleat configuration as 
illustrated in Fig. 2, and was compared to a 10 in. control cartridge having a filter element 
with a conventional spiral pleat configuration wherein the height of each pleat was the same, 
as shown for example in Fig. 2b. 

In the first case, the inventive filter element and the conventional spiral pleated filter 

10 element were constructed using 0.8(i nylon membrane with a non-woven Freudenberg 17gram 
mesh as the upstream and downstream support material. In the second case, the inventive 
filter element and the conventional spiral pleated filter element were constructed using 0.65^i 
nylon membrane with a non-woven Freudenberg 17gram mesh as the upstream support and 
an asymmetric 5 mil Delnet® mesh as the downstream support material. In the third case, the 

1 5 inventive filter element and the conventional spiral pleated filter element were constructed 
using 0.65ji nylon membrane with a non-woven Typar® T3091L mesh as the upstream 
support and an asymmetric 5 mil Delnet® mesh as the downstream support material. 

The tests were run using water at a temperature of 25° C, and housing losses were 
subtracted from the differential pressure readings. In each case, data was collected using 4-6 

20 cartridges for each of the three different types of cartridge constructions. This data was 
averaged and tabulated below. 
Table 1.0 



Membrane Type: 0.80u nylon membrane 


Upstream Support Material: Freudenberg 17 gram 


Downstream Support Material: Freudenberg 17gram 


Short Pleat 
Height (in) 


Long Pleat 
Height (in) 


Height 
Ratio 


Area avg. 
(sq.ft.) 


AP avg. @ 
12gpm 


AP avg. @ 
16 gpm 


.760 


.830 


92% 


11.8 


2.3 


3.4 


| .830 


.830 


100% 


12.4 


2.8 


4.0 
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Table2.0 



Membrane Type: 0.65 \i nylon membrane 


Upstream Support Material: Freudenberg 17 gram 


Downstream Support Material: Delnet^ 5mil 


Short Pleat 
Height (in) 


Long Pleat 
Height (in) 


Height 
Ratio 


Area avg. 
(sq.ft.) 


AP avg. @ 
12gpm 


AP avg. @ 
16 gpm 


.760 


.830 


92% 


11.2 


1.7 


2.5 


.830 


.830 


100% 


10.9 


1.8 


2.6 



Table 3.0 



Membrane Type: 0.65 p. nylon membrane 


Upstream Support Material: Typar® 3091L 


Downstream Support Material: Delnet® 5mil 


Short Pleat 
Height (in) 


Long Pleat 
Height (in) 


Height 
Ratio 


Area avg. 
(sq. ft) 


AP avg. @ 
12 gpm 


AP avg. @ 
16 gpm 


.760 


.830 


92% 


11.1 


1.2 


1.8 


.830 


.830 


100% 


11.3 


1.3 


1.9 



In sum, in all three cases, the differential pressure drop AP across the spiral pleated 
5 filter cartridge of the subject invention was less than the differential pressure drop across a 
conventional spiral pleated filter cartridge using the same materials of construction. 

It is envisioned that the pleat patterns of the spiral pleated filter elements disclosed 
herein and illustrated by way of example in Figs. 2 and 6 can vary without departing from the 
spirit or scope of the subject invention. For example, the shortened pleats in filter element 12 • 
10 can be disposed between adjacent pairs of longer pleats, rather than between adjacent 

individual pleats as shown and described. In such a case, the pleat height ratio (h/H) would 
remain the same, but the number of shorter pleats in the filter element would decrease and the 
overall surface area of the filter element would increase. Nevertheless, a plurality of 
longitudinal channels would extend along the inner periphery of the filter element, at a 
15 uniform frequency, to enhance drainage through the core of the filter cartridge, thereby 
improving the differential pressure drop across the filter cartridge as compared to prior art 
spiral pleated filter cartridges. 

Although the filter cartridge of the subject invention has been described with respect 
to preferred embodiments, those skilled in the art will readily appreciate that changes and 
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modifications may be made thereto without departing from the spirit and scope of the present 
invention as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A filter comprising: 

a cylindrical filter element having a longitudinal axis, an outer periphery and 
an inner periphery, and including a plurality of longitudinal pleats in close proximity to one 
another, each of the pleats having a pair of legs, each of the legs having a height, wherein the 
height of a first leg of a first pleat is greater than the radial distance between the outer 
periphery of the filter element and the inner periphery of the filter element, and is also greater 
than the height of an adjoining leg of an adjacent pleat. 

2 . A filter as recited in Claim 1 , wherein the height of the adj oining leg of the 
adjacent pleat ranges from about fifty percent of the height of the first leg of the first pleat to 
about ninety-five percent of the height of the first leg of the first pleat. 

3. A filter as recited in Claim 1, wherein the filter element is a composite having 
plural layers of material including an upstream drainage layer, at least one interior filtration 
layer, and a downstream drainage layer. 

4. A filter as recited in Claim 1, wherein the legs of each pleat are joined at a 
root, whereby the root of the first pleat is radially spaced from the root of the adjacent pleat. 

5. A filter as recited in Claim 4, further comprising a perforated cage surrounding 
the outer periphery of the filter element, and a perforated core surrounded by the inner 
periphery of the filter element. 

6. A filter as recited in Claim 5, wherein the root of the first pleat contacts the 
core and the root of the adjacent pleat is radially spaced from the core. 
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7. A filter as recited in Claim 1 , wherein the height of a second leg of the first 
pleat is equal to the height of the first leg of the first pleat. 

5 8. A filter as recited in Claim 1, wherein the height of a second leg of the first 

pleat is less than the height of the first leg of the first pleat. 

9. A filter as recited in Claim 1, wherein the legs of the adjacent pleat are equal in 

height. 

10 

10. A filter as recited in Claim 1, wherein the height of a second leg of the adjacent 
pleat is greater than the height of the other leg of the adjacent pleat. 

11. A filter comprising: 

15 a cylindrical filter element having a longitudinal axis, an outer periphery and 

an inner periphery, and including a plurality of longitudinal pleats arranged in a spiral 
configuration in close proximity to one another, each of the pleats having a pair of legs, the 
legs of each pleat joined to one another at a root, wherein the roots of adjacent pleats are 
radially spaced from one another at a uniform frequency about the inner periphery of the filter 

20 element. 

12. A filter as recited in Claim 11, wherein the filter element is a composite having 
plural layers of material including an upstream drainage layer, at least one interior filtration 
layer, and a downstream drainage layer. 



25 
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13. A filter as recited in Claim 1 1, further comprising a perforated cage 
surrounding the outer periphery of the filter element, and a perforated core surrounded by the 
inner periphery of the filter element. 

14. A filter as recited in Claim 1 1, wherein adjoining legs of adjacent pleats are 
connected to one another at a pleat crest, and wherein the adjacent pleat crests are radially 
spaced from one another at a uniform frequency about the outer periphery of the filter 
element. 

15. A filter cartridge comprising: 

a) a cylindrical filter element having a longitudinal axis, an outer 
periphery and an inner periphery, and including a plurality of longitudinal pleats ananged in a 
spiral configuration in close proximity to one another, each of the pleats having a pair of legs, 
the legs of each pleat joined to one another at a root; 

b) a perforated cage surrounding the outer periphery of the filter element; 

c) a perforated core surrounded by the inner periphery of the filter 
element, wherein the roots of alternating pleats abut the perforated core; and 

d) at least one end cap enclosing the perforated cage. 

16. A filter as recited in Claim 15, wherein the filter element is a composite having 
plural layers of material including an upstream drainage layer, at least one interior filtration 
layer, and a downstream drainage layer. 

17. A filter as recited in Claim 15, wherein adjoining legs of adjacent pleats are 
connected to one another at a pleat crest, and wherein alternating crests abut the perforated 
cage. 
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1 8. A filter comprising: 

a cylindrical filter element having a longitudinal axis and including a plurality 
of longitudinally extending pleats arranged in a spiral configuration about the axis of the filter 
5 element in close proximity to one another, each pleat having a radial height, wherein adjacent 
pleats in the filter element have a relative radial height ratio of about between 50% and 95%. 

19. A filter as recited in Claim 1 8, wherein the relative radial height ratio of 
adjacent pleats in the filter element is about 92%. 

10 

20. A filter as recited in Claim 19, wherein the height of one pleat in the filter 
element is about .830 inches and the height of an adjacent pleat in the filter element is about 
.760 inches. 

15 21 . A filter as recited in Claim 1 8, further comprising a perforated cage 

surrounding an outer periphery of the filter element 

22. A filter as recited in Claim 18, further comprising a perforated core surrounded 
by an inner periphery of the filter element. 

20 

23. A filter as recited in Claim 1 8, wherein the filter element is a composite having 
plural layers of material including an upstream drainage layer, at least one interior filtration 
layer, and a downstream drainage layer. 
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24. A filter as recited in Claim 1 8, wherein each of the pleats has a pair of legs 
joined to one another at a root, wherein the roots of adjacent pleats are radially spaced from 
one another at a uniform frequency about the inner periphery of the filter element. 

25 . A filter comprising: 
a cylindrical filter element having a longitudinal axis, an outer periphery and 

an inner periphery, and including a plurality of longitudinal pleats arranged in a spiral 
configuration in close proximity to one another, each of the pleats having a pair of legs, the 
legs of adjoining pleats joined to one another at a pleat crest, wherein adjacent pleat crests are 
radially spaced from one another at a uniform frequency about the outer periphery of the filter 
element. 

26. A filter as recited in Claim 25, wherein the legs of each pleat are joined to one 
another at a root, and wherein the roots of adjacent pleats are radially spaced from one another 

15 at a uniform frequency about the inner periphery of the filter element. 

27. A filter as recited in Claim 25, further comprising a perforated cage 
surrounding an outer periphery of the filter element. 

20 28. A filter as recited in Claim 25, further comprising a perforated core surrounded 

by an inner periphery of the filter element. 



5 



10 



25 



29. A filter as recited in Claim 25, wherein the filter element is a composite having 
plural layers of material including an upstream drainage layer, at least one interior filtration 
layer, and a downstream drainage layer. 
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(Prior Art) 
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Fig. B 




